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In a  continuing inquiry into the problems of intra-specitic natural resistance 
to  infection,  this  laboratory, since  1940,  has focused on mouse salmonellosis 
as an infection model, with nutritional manipulations of the host as the main 
interest of study. During the course of these investigations it was found that 
a  nutritionally arranged difference in survivorship had its operational base in 
what was named "the double strain phenomenon"  (1). Briefly, this involved 
the  infection  of the  mice by the  combined use  of two  strains  of Salmonella 
typhimurium,  one  avirulent  and  the  other  virulent.  On  this  information  an 
assay was devised to detect survivorship differences with maximal sensitivity, 
the  so  called  double  strain  inoculation  test.  Using  this  method  of  assay  a 
program was  begun  to  identify  chemically  the  nutritional  factor  or  factors 
promoting increased survivorship. 
In  appfication  it  has  been  found  that  the  double  strain  inoculation  test 
has not been unburdensome in its statistical demands on the number of ani- 
mals needed and in the amount of nutritional  material which  had to be pre- 
pared during the course of the various chemical fractionations.  For practical 
reasons,  therefore,  an  attempt  was  made  to  improve  the  method  of  assay. 
This improved assay, as will be shown,  is based on  the measurement of the 
population sizes of the virulent S. typhimurium in the spleens of mouse hosts 
in the presence of the avirulent form. This was achieved by the use of a  dis- 
tinguishing genetic marker. It is the purpose of the present paper to set forth 
this  improved  and  more  practicable  form  of  the  double  strain  inoculation 
method of assay. 
Materials  and Methods 
Animals.--The mice used were from a strain of W-Swiss mice, the same as employed in 
previous investigations (1). The program of outbreeding, previously described (2), has been 
continued and the stock was free of Sa/mond/a. 
* A preliminary account of this investigation was presented st the 37th annual meeting 
of the Federation of American Societies for Experimental Biology, at Chicago, April 6 to 10, 
1953. 
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Pathogen.--Two cultures  of Salmonella typkimurium (IV,V,XII:i-I,2,3)  were  available. 
One culture, RIA, was relatively avirulent for W-Swiss mice. It was derived from a suitably 
spread culture of Mackenzie's aviruient TMO (3) by picking a colony at random. The second 
culture, RIV, was similarly derived from Mackenzie's highly mouse-virulent culture, BA, (3). 
Both cultures were maintained in the laboratory by preparation of meat extract agar slants 
from broth cultures, and storage in the ice chest at 4°C. Fresh transfers were made at ap- 
proximately monthly intervals. 
'Infection of the mice was performed by intraperitoneal injection into the lower left quad- 
rant  of the appropriate dose of bacteria, from an  18 hour broth subculture,  in 0.25  mi. of 
sterile saline. 
D/ets.--A difference in natural  resistance to salmonellosis was arranged by feeding ran- 
domized samples of weanling mice a  synthetic diet, diet 191, ~s. a  diet of whole wheat and 
whole dried milk, diet 100. These diets were fed for a period of at least 3 weeks prior to in- 
fection and have been described previously (2).  W-Swiss mice on diet 100 regularly exhibit 
an increased survivorship following infection with Salmonella compared with mice similarly 
prepared on diet 191. The circumstances under which this difference in survivorship is maximal, 
the double strain inoculation test, have been described (1). Details of caging, heat, humidity, 
mad fighting obtaining in these experiments have also been described previously (4). 
The Double Strain Inoculation Test 
The double strain inoculation test was devised (1)  to detect reproducibly and sensitively 
differences in survivorship, following infection, which had been arranged by nutritional means. 
In this test, infection was performed by intraperitoneal injection of 1,000 viable cells of the 
avirulent Salmonella typklmuriam followed 2 days later by an injection of 1,000 viable cells of 
the virulent Salmonella. Frequency of survivorship was measured  30 days later.  Statistical 
considerations demanded samples of 20 to 40 mice per test group, all of which were fed the 
test diets for a preparation period of at least 3 weeks and an infection period extending for 5 
weeks more. Experience had  shown that under  these conditions the chemical fractionation 
program entered upon was hindered to the point of impracticability. 
It was thought possible  that a measure of the nutritional effects on survivorship might be 
made by determining the number of Salmonellae in the spleens of infected mice at some time 
subsequent to infection, without the necessity of waiting the full 30 days. If the course of 
events leading ultimately to either death or survival were related to the number of organisms 
in the spleen,  it should be possible to correlate such numbers with survivorship frequency. 
However, each infected animal was to receive two kinds of organisms, virulent and aviruient, 
and it would be requisite that a simple and precise method be at hand to recognize each. For 
this purpose a  comparison of the cultures RIA and RIV was made. Both were found to be 
xylose-non-fermenters when plated  on indicator  eosin-methylene blue agar plates supple- 
mented with 1 per cent xylose.  By selective methods it was possible  to isolate a xylose-fer- 
meriting mutant from the virulent R_IV. This mutant was found, on test, to be as fully virulent 
as the parent culture. By use of the avirulent, xylose-non-fermenting RIA and the virulent, 
xylose-fermenting mutant  derived from RIV, it was now tectmically feasible to follow dif- 
ferentially in time the numbers of both kinds of organisms in the spleens of infected mice. The 
experimental details and the procedure devised for the numerical counts were as follows:-- 
Differential Scoring Medium.--The solid medium used for testing the salmonellae in terms 
of their capacity to ferment D-xylose was based on the eosin-methylene blue agar medium as 
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EMB-xylose 
gm. 
NZ-case peptone (Sheffield) ...........................................  8 
Bacto yeast extract ..................................................  1 
NaCI ...............................................................  5 
K21-IPO4 ............................................................  2 
Eosin-Y ............................................................  0.3 
Methylene blue chloride ..............................................  0.05 
Agar ...............................................................  15 
d(+) xylose, Pfanstiehl ...............................................  10 
Water, to make 1 liter 
The medium is autoclaved at 15 pounds for 15 minutes and poured in 5 ram. deep layers 
in Petri dishes.  The plates are then allowed to set and dry for 2 days. Scoring is performed 
by spreading 0.1  ml. of the bacterial suspension,  in appropriate  dilution, over the surface 
of the dry plate by means of a glass spreader. The 0.1 ml. volume is readily absorbed by the 
agar surface.  The plates are then incubated  for 18 hours and  xylose-negative and  positive 
fermenters are easily scored as transparent  and  slightly pink, or as opaque  black  colonies 
respectively. The limit of differential scoring of negative fermenters on a plate heavily popu- 
lated with positive fermenters is about 1 of the former per 500 of the latter, or 0.2 per cent. 
Sdection of the Xylose-Fermenting Mutant  of RIV.--When scored on EMB-xylose, both 
RIA and  RIV were described as xylose-negative. The avirnient R/A was continued in this 
form.  For differential scoring purposes  a  xylose-fermenting mutant  of RIV was  obtained 
by spreading approximately 108 viable cells on several EMB-xylose plates and incubating for 
48 hours. A few black papillae appeared. By picking from these and restreaking several times a 
xylose-fermenting daughter culture was obtained  (SR-11).  In contrast to RIA, SR-11 after 
18 hours' incubation on EMB-xylose plates, forms smooth,  opaque, black colonies with an 
irridescent sheen. 
Virulence of SR-11.--SR-11  is as highly virulent for W-Swiss mice as the  RIV parent. 
Intraperitoneal injection of approximately 1 viable cell is enough to cause a fatal infection, 
as the following experiment showed. A mean dose of 0.72 viable cells was injected intraperi- 
toneaily into 80 W-Swiss mice. After 30 days there were 45 survivors, or 56 per cent. This is 
in agreement (P >  0.2)  with the survivors predicted (49 per cent) by a Poisson distribution, 
assuming 1 or more cells would kill. It may be assumed, therefore, that the genetic marker, 
xylose-fermenting, which serves to identify SR-11  is an indifferent marker. 
Census of Salmondlae in Infected Mouse Splecns.--The technique used  in counting the 
viable salmonellae in an infected mouse spleen was the following.  The test mice were sacri- 
riced by garroting and the spleen aseptically removed. Upon removal each spleen was momen- 
tarily dipped in boiling water to kill any salmonellae still in the peritoneal cavity, and thus 
contaminating  the exterior surface. The spleen was then ground in a sterile mortar, first with 
a  small amount of sterile alundum, 60 mesh, and then with 1 ml. of sterile saline. Duplicate 
0.1  ml. aiiquots, or appropriate dilutions, were then spread with a  sterile glass spreader on 
Petri dishes of EMB-xylose agar. After drying the plates were incubated for 18 hours and the 
colonies scored and counted. Control observations with uninfected mice gave no visible colo- 
nies. 
RESULTS 
Separate Population  Dynamics  of Virulent  and Avirulent  Salmonellae in the 
Outbred  W-Swiss  Mouse.--It  was  first  considered  necessary  to  measme  the 
fate  in  the  mouse  spleen  of  the  separate  doses  of avirulent  and  virulent  sal' 210  NUTRITION  OF  HOST  AND  RESISTANCE  TO  INFECTION 
monellae  as  used  in the  double  strain  inoculation  test.  Following intraperi- 
toneal injection of the bacterial dose, at suitable intervals, samples of the mice 
were  sacrificed  and  the  number  of  culturable  salmonellae  in  the  spleen 
determined. 
From time to time samples of 100 or 200 weanlings were taken from the W-Swiss stock and 
distributed  by litter  and sex into groups of 10 each. These groups were fed either  the syn- 
thetic diet, diet 191, or the natural diet, diet 100. After a feeding period of 3 to 5 weeks the 
mice were transferred  to individual  cages in the infection room and acclimated for 4 days. 
TABLE I 
Population Sigcs of Homogeneous A~rulent (RIA) or Virulent (SR-I1) Salmonellae in Spleens 
of Mice on Natural or S, nthetic Diets I Day after Injection of 1,000 Cells 
Mice  Aviruhnt RIA/spleen  Virulent SR-ll/spleen 
Synthetic diet  Natural diet  Synthetic diet  Natural diet 
Sex  No.  (191)  (100)  (191)  (100) 
1  " 
:  2 
c~  3 
4 
5 
<10 
415 
205 
605 
105 
975 
125 
525 
465 
115 
465 
520 
805 
1,485 
705 
2,065 
1,715 
745 
3,270 
980 
1,715 
2,190 
2,485 
3,165 
2,345 
2,980 
850 
2,310 
8 
9 
10 
,eometric mean.. 
,og of o.u.. 
.v. of log of o.M.. 
:oefficient of variation,  per cent.. 
1,355 
985 
1,805 
881 
2.5201 
0.6779 
27 
2,370 
260 
520 
§51 
2.7415 
0.3646 
13.3 
945 
3,255 
755 
1,$80 
3.1386 
0.2573 
8.2 
2,295 
1,015 
1,755 
1,990 
3.2985 
0.1887 
5.7 
Comparable samples of the two diet  groups  then received intraperitoneal  injection  of 10  s 
cells of an  18 hour meat infusion broth culture  of the avirulent,  xylose-negstive culture, 
RIA, or the virulent, xylose-positive culture, SR-11. At daily intervals mouse spleen samples 
were taken  and  the Salmonella content determined  as described above. 
A  typical  protocol  obtained  for  the  1  day  postinjection  interval  is  pre- 
sented in Table I. Results are reported per mouse as the mean count of dupli- 
cate measurements and calculated in terms of salmonellae content of the total 
spleen.  Geometric means were used to  estimate  the average splenic bacterial 
content on each of the two dietary regimens. Table II presents  the condensed 
results  obtained  at  1,  2,  3,  4,  and  7  days after  an injected  dose of 10  a RIA 
on the two experimental diets and at 1, 2, 3  days after an injected dose of 108 
SR-11. Deaths began occurring at  the 4th day, thus ending the latter  series. 
Fig.  1 presents  in graphic form the  changes in Salmonella  population  size in H.  A.  SCHNEIDER AND  N.  D.  ZINDER  211 
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Fro.  1. Dynamics of homogeneous populations of avimlent and virulent S. t~pl~imurium 
in spleens of mice on two different diets. 
TABLE II 
Population  Dynamics  of Homogeneous Anirulent  (RIA)  or Virulent  (SR-11)  Sograondlae in  Spleen 
of Mice on Two Di~erent Diets 
Infection dose =  1,000 cells 
Days 
post 
chal- 
lenge 
Mice per 
diet group 
o'19 
5  5 
5  5 
~  5 
5 
3 
Avirulent  RIA/spleen  Virulent  SR-11/spleen 
Synthetic diet (191}  Natural  diet (100)  Synthetic  diet (191)  Nabmtl  diet (100) 
G.M. ~'  8.D.~  C.V.§  S.D.  C.V. 
I 
G.M.  S.D.  [ C.V.  G*M. 
5510.3(~  13.3  1,38~ 
1,302 0.4978 t6.0  19,07(] 
669 0.3557  12.9 868,00~ 
477 0.6862 25.6 
146 
0.2573  8.2 
0.2289  5.6 
1.3759 24.8 
Deaths 
O.M. 
1,990 
21,050 
i889,ooo 
331 C).6779 27.C 
1,000  :).4101 13.7 
2,33~ 10.4562 13.5 
0.3087 11  55J  .2 
27~i 
8.D.  C.V. 
0.1887  5.7 
0.1970 i 4.6 
1.3860 24.8 
Deaths 
* o.~r.  geometric mean 
:~ S.D., standard deviation of log of G.M. 
§ c.v., coefficient of variation, in per cent 212  NUTRITION  OF  HOST  AND  RESISTANCE  TO  INI?ECTION 
the  mouse  spleens  as  affected  by  time  following  injection  and  the  dietary 
regimen. 
It is evident from Fig.  1 that the diverse course in the mice of the two bac- 
terial  populations  was  little  affected  by  the  different  diets  employed.  The 
virulent SR-11  proceeded to increase at a  logarithmic rate, independently of 
the host diet, and led to the eventual death of all the animals. The avirulent 
RIA on the  other  hand,  also independently  of the  host  diet,  increased  at  a 
slower rate for 2  or 3  days,  and  then  decreased with  all animals surviving. 
Spleen samples collected on the  14th  and 23rd day post injection with RIA 
usually showed no cultivatable salmonellae. An occasional mouse spleen yielded 
a  few  (<100)  colonies.  These  data  confirm a  conclusion  drawn  previously 
from mortality data  (2)  that  the  nutritional  effect (on mouse salmonellosis) 
is absent when  homogeneous  (clonal)  populations  of Salmonella  are used  in 
the infection model. 
The extent of the dispersion of the bacterial population sizes within the host 
diet samples, as measured by the coefficient of variation  (Table II)  suggests 
the influence of individual host differences, possibly genotypic, which are in- 
capable of affecting the ultimate outcome of the infection. The magnitude of 
this dispersion indicates that the statistical calculations must be regarded only 
as approximations. 
Population  Dynamics  of Mixed  Virulent  and Avirulent  Salmonellae  in  the 
Outbred W-Swiss Mouse.--The preceding analysis confirmed, in bacteriological 
terms, the independence  from host diet of the previously observed fatal out- 
come of the  injection  of virulent  salmonellae and  the  similarly independent 
survival of mice injected with avirulent salmonellae. However, it is a  charac- 
teristic  of  the  double  strain  inoculation  test  that  the  controlled  mixture  of 
virulent and avirulent salmonellae in the mouse results in a  different experi- 
ence, namely, some of the hosts die and some survive. The frequency of sur- 
• vivorship is a  function  of the host diet, with survivorship favored by a  diet 
of natural materials compared to that Observed on a  synthetic diet. The sepa- 
rate identification of the avimlent and virulent salmonellae by means of the 
xylose-fermenting marker made it possible to next analyze the separate popu- 
lation dynamics of each although they were present in the mouse as a  mixed 
population. 
A sample of 160 W-Swiss  weanlings was divided by litter and sex into 8 groups of 10 males 
and 10 females. Four groups were fed the synthetic diet, diet 191, and the remaining 4, the 
natural diet, diet 100. After 3 weeks, the mice were acclimated in individual cages as usual 
and then (on day -  2) injected intraperitoneally with 10  a cells of RIA. 2 days later (on day 0) 
all were challenged with I(P SR-11 by intraperitoneal injection. On subsequent days 1, 2, 3, 
and 7 one group of 20 mice from each of the two diets was sacrificed and the salmonellae in 
each mouse spleen counted and scored as described above. Results are reported in a sample 
protocol as obtained for challenge day 1, in Table HI, and for the complete experiment, in 
condensed form, in Table IV. The results are set forth in graphic form in Figs. 2 ~nd 3, in C  q) 
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213 TABLE  HI 
Effect of Host Diet, 1 Day post Challenge, on the Splenic Populations of Virulent SR-II in 
Mice Prepared by a Prior Injection, g Days Earlier, of 10  s A~irulent RIA 
Challenge dose,  108 SR-11 
Mice 
Sex 
1 
2 
3 
4 
5 
c~  6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
No. 
Geometric Mean ..... 
Log of o. M  ..... 
s. D. of log of G. M .... 
Coefficient of variation, per 
cent.. 
Avirulent RIA/spleen 
Synthetic diet  Natural diet 
191  100 
3,000  1,250 
780  3,000 
320  1,010 
230  405 
520  160 
10  780 
550  10 
370  205 
1,090  315 
165  675 
570  195 
2,080  460 
250  325 
210  30 
1,100  550 
115  145 
320  525 
195  255 
1,110  490 
235  320 
881.2  819.4 
2.5811  2.5043 
0.5204  0.5327 
20.2  21.3 
Virulent  SR-ll/spleen 
Synthetic diet 
191 
1,065 
270 
665 
70 
520 
145 
525 
285 
120 
350 
185 
565 
130 
1,080 
920 
370 
1,180 
730 
650 
15 
&~2.0 
2.5212 
0.4746 
18.8 
Natural  diet 
100 
<10 
<10 
25 
35 
<10 
<10 
515 
85 
75 
<10 
<10 
140 
<10 
25 
<10 
315 
105 
<10 
120 
20 
80.2 
1.4800 
0.5854 
39.6 
TABLE  IV 
E~ect of Host Diet on Population Dynamics of Mixed  Virulent and Avirulent Salmonellae, 
in Mouse Spleens, as Arranged in the Double Strain Inoculation Test 
Avirulent RIA, 10  a on day -2;  virulent challenge SR-11, 10  a on day 0. 
Avirulent RIA/Spleen  Virulent SR-ll/Spleen 
Days I 
Post I  Synthetic Diet  Natural Diet  Synthetic Diet  Natural Diet 
Chal-I  (191)  (100)  (191)  (100) 
lenge 
Mice 
per diet 
group 
10  10 
10  10 
10  10 
10  10 
G.M.*I S.D.~ C.V.| 
381  0.5204 20.2 
550  0.5256 19.4  ! 
162  0.714032.3 
<80 
G.M.  S.D.  C.V. 
819  0.5327 21.3 
671  0.3861  13.7 
296  0.459~  18.6 
<10 
G.M.  S.D.C.V. 
3,38 ~.4746 18.8 
1,209  3.3904 12.7 
1,825  1.1203 34.4 
24,010  ~.7549 17.2 
G.M.  S.D.C.V. 
800.5854  39.( 
56]0.8550  t8.~ 
448 0.9257  35.( 
5,611 0.8096  21.( 
* G.M.,  geometric mean. 
s.D., standard deviation of log of o.M. 
§ c.v., coefficient of variation, in per cent. 
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which, for purposes of comparison, are included results of the previous experiment in single 
infection. 
The results of the analysis of the mixed infections are clearly evident. As 
Fig. 2 shows, the rise and fall of the splenic populations of the RIA followed 
a  course which was independent of host diet and of the presence or absence 
of the admi~ed SR-11. On the other hand, as Fig. 3 shows, the prior injection 
of RIA had a profound effect on SR-11. This effect had two aspects; the rise 
of SR-11 was depressed, and this depression was dependent on the host diet. 
The natural diet had a  greater depressing effect than did the synthetic diet. 
Statistical analysis showed that  these differences referable to host diet were 
real. Thus, the differences between the geometric means of the SR-11 popu- 
lations  at  post  challenge days  1,  2,  3,  and  7  were, respectively, 6.18,  6.34, 
1.89, and 2.45 times the standard error of the difference between the means. 
Here  then,  was  the  postulated  bacteriological  datum  which  revealed  an 
association of depressed SR-11 population sizes with the known survivorship- 
enhancing properties of the natural  diet  (diet  100).  However, a  more pene- 
trating analysis would seem to demand more than "association." For although 
survivorship is greater on diet  100  than on diet 191,  it is not  100 per cent, 
and it is a  fact that two extremely diverse events still occur; i.e., some mice 
die and some mice survive. There is thus reason for dissatisfaction in grasping 
a  single statistic,  such as a  mean  SR-11  population size,  to adequately and 
precisely describe  these  events.  Consequently the  hypothesis was  advanced 
that the mean value obtained, for a given diet and at a  given time, might be 
composed of two distinct sets of population sizes: one set, smaller in its values 
and indicative of those animals destined to survive; and a  second set, greater 
in its values and indicative of those animals destined to die. 
For these reasons a frequency distribution analysis was made of the virulent 
SR-11 population sizes as they responded to the influence of the two contrast- 
ing  diets.  Since,  as  Fig.  3  shows,  the  measurable  differences in  the  SR-11 
populations seemed maximal on the 2rid day post challenge, data collected at 
this time interval were plotted. 
The data used were assembled from a total experience  with 120 mice; 60 mice, 30 males 
and 30 females, reared from weaning for 3 weeks on diet 100 and an equal number reared on 
diet 191. The double strain inoculation test was carried out as usual and on the 2nd day post 
challenge the mice were sacrificed and the virulent SR-11 population sizes in the individual 
spleens scored and counted as described above. Histograms of the frequency distribution 
thus obtained are presented in Figs. 4 and 5. A breakdown  of these histograms in terms of sub- 
samples and of sex is presented in Figs. 6 and 7. 
From the histograms in Figs. 4 and 5, it is evident that what was suspected 
was indeed true; namely, that the population sizes of SR-11 were not normally 
distributed.  On the synthetic diet  (Fig. 4)  the population sizes were skewed 216  NL~RITION  OF  HOST  AND  RESISTANCE  TO  INFECTION 
toward the higher values, and on the natural diet (Fig. 5) the populations were 
skewed toward the low side. The subsample analysis (Figs. 6 and 7) corrobo- 
rated this estimate. Further inspection of Fig. 5 suggested that this distribution 
could be regarded as composed of two distinct classes, a class ranging from 0 
to 100  SR-11 per spleen occurring with a  frequency of 42 out of the sample 
2O 
/t'urnt~ ofvh~ulent  .~lmonellae t~ ~pleen 
Fro. 4. Frequency distribution of numbers of virulent salmonellae  in spleens of mice on a 
syn~etic diet. 
No. of  ~pleens 
42 
0  100  200  400  8o0  1~+ 
:Number of ~alent solmonellae per~pleen 
Fro. 5. Frequency distribution of numbers of virulent salmonellae  in spleens of mice on a 
natural diet. 
of 60, (solid black rectangle in Fig. 5), and a class consisting of the range from 
100 to beyond 1600 SR-11 per spleen (cross-hatched rectangles in Fig. 5). The 
hypothesis was now advanced that the class 0-100 SR-11 per spleen was indeed 
unique  and  its  greater  frequency in  the  natural  diet  sample  (42/50,  or  70 
per cent) than in the synthetic diet sample (5/50, or 8.3 per cent) was connected 
with  the known greater frequency of survivorship experienced in the former 
diet as compared with  the latter diet. Before this hypothesis was tested one H.  A.  SCHNEIDER  AND  N.  D.  ZINDER 
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more statistical refinement was made. As the data presented in Fig. 7 indicate, 
a sex difference was evident in the frequency of the unique class, 0-100 SR-11 
per spleen. Thus, on diet 100, the unique class appeared with a  greater fre- 
quency,  25/30  or  83.3  per  cent,  among males,  than it  did among females, 
17/30 or 56.7 per cent (X  ~ -- 3.89; P  <  0.05).  This is in keeping with previous 
findings (4) in which survivorship among males was slightly  greater than amoung 
females. Consequently, it was decided to use only one sex, and since the dietary 
effect was greater  among the males,  this sex was chosen for all subsequent 
experiments. 
The  Relation  of  the  Frequency of  the  Unique  Class of Splenic  Population 
Sizes  (0-100)  of SR-11 and the Frequency of Survivorship in the Double Strain 
Inoculation  Test.--In  the  preceding  analysis  of  the  bacteriological  events 
taking place in the mouse spleen during the double strain inoculation test a 
significant measurement had presented itself; namely, a  unique class of small 
(0-100)  population sizes of the distinguishable challenge microbe, Salmonella 
typhimuriura  SR-11.  This  unique  class  appeared  with  greater  frequency in 
mice on a natural diet than in mice on a  synthetic diet. In its own right this 
phenomenon merits  further  study.  It  must  be  recalled,  however,  that  the 
original interest in these two dietary situations rises from the fact that  sur- 
vivorship on the natural diet occurs with greater frequency than on  the syn- 
thetic diet. The question now arises whether in measuring the  bacteriological 
event 2 days after challenge with the avirulent salmonellae there is a measure 
of that frequency of survivorship which would ensue 30 days later if the ani- 
mals had been left to pursue their individual courses to death or survivorship. 
Probably no definitive answer can be given to this question at the present time, 
but what evidence there is supports the view that it would be fruitful to pro- 
ceed on the assumption that the correspondence between these two parame- 
ters is a close one, and that whatever certainly is lost in abandoning the direct 
estimation of survivorship  is  more  than compensated by  the  technical ad- 
vantage of the assessment of the bacteriological event. The evidence favoring 
this course is set forth briefly in the following. 
Comparison  of Survivorship  Frequencies and  Unique  Class (0-100,  SR-11) 
Frequencies Occurring on Two Different Diets.--At the time that the data were 
obtained for the frequency analysis described above, the identical diets (100- 
191) were fed to W-Swiss weanlings and  the double strain  inoculation test 
carried out in the identical way. Survivorship frequencies of males were de- 
termined  30  days post  challenge.  Comparison  with  the  frequencies  of  the 
unique  class  (0-100)  of  SR-11  populations  in  male mice  spleens,  described 
above and set forth in Figs. 6 and 7, is reported in Table V. 
As Table V shows, there is indeed a  close correspondence between the two 
sets  of  frequencies.  Statistically analyzed, the  two  parameters  on  diet  100 
can be considered as drawn from the same population, (X  ~ =  1.27; P  >  0.2) 
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It was thus shown that low survivorship frequencies accompanied low unique 
class frequencies and high survivorship frequencies accompanied high unique 
class frequencies. If this was more than circumstantial, it wauld be predicted 
that  a  correspondence at  an  intermediate level  also  would  be  found.  This 
proved to be the case. 
Forty male weanling W-Swiss mice were prepared for 3 weeks on diet 701, which was diet 
191 modified by the addition of 60 per cent wheat middlings at the expense of the glucose 
component of diet 191. The mice were subjected to the double strain inoculation test using 
RIA and SR-11 as described above. Twenty mice were sacrificed on the 2nd day post chal- 
lenge for spleen analysis and twenty observed for 30 days for survivorship. 
On the 60 per cent wheat middling diet survivorship frequency was 6/20 or 
30 per cent, unique class (0-100)  SR-11  frequency was 11/30 or 36.7 per cent. 
The difference is not significant. (X  2 =  0.033,  P  >  0.8). Thus, as predicted, 
the two parameters again were in close correspondence. 
TABLE  V 
Frequencies of Sur~ivorship and of Unique (0-100) SR-11 Population  Sizes in Mouse Spleens 
Occurring on Two Different Diets 
Males 
Diet  Survivorship frequency  Unique class frequency 
Natural (100)  26/38  =  68.4 per cent  25/30  =  83.3  per cent 
Synthetic (191)  5/39---  12,8  "  "  3/30  =  10  .... 
The simplest hypothesis relating the frequency of the unique class of SR-11 
counts in the spleen with the frequency of survivorship is that they are in a 
1:1  relationship. The data reported above for a  total of 187 male mice, and 
embracing a range of frequencies of response from 10 per cent to 83.3 per cent, 
are consistent with this hypothesis (X  2 =  1.307; P  >  0.7). Consequently, as a 
working hypothesis, the estimation of the frequency of the class 0-100 of the 
marked SR-11  population found in the spleens of male mice on the 2nd day 
post challenge in the double strain inoculation test was regarded as an ade- 
quate estimate of ultimate survivorship. The time required for the assay was 
thus reduced from 30 days to 2 days post challenge. 
Sample Size in the New Assay.--How many mice are required in the new 
assay method for a  test of activity? To answer this question it must be re- 
membered that at the outset all that is on hand is an established difference 
between the effect of the natural diet and the synthetic diet. Taking the ap- 
pearance of the unique class in the spleen SR-11  count as a  positive effect, 
and all higher counts as a  negative effect, then, from the data above (Table 
V), on diet 100 a positive effect can be expected 83.3 per cent of the time, and 
on diet 191,  10 per cent. The negative effects thus appear on diet 100 with a 
frequency of 16.7 per cent on diet 100 andondiet 191 at 90 per cent. Assuming 220  NUTRITION OF HOST AND RESISTANCE TO INFECTION 
that the data have adequately estimated the frequencies of positive and nega- 
tive effects in  the  two  dietary universes,  then a  separate  binomial may be 
written for each diet which will describe the probability p  of a positive effect 
occurring and the probability q of a negative effect. These two possibilities, of 
course, total unity. 
1  =p+q 
The appropriate substitutions of the empirically determined values, for the 
two diets, are made in Table VI.  Following accepted statistical practice, the 
relative frequency of the possible combinations of positive and negative effects 
encountered in samples of 5  is given by expanding the binomials to the 5th 
power. When this was done the results were as indicated in Table VI. Thus, 
TABLE VI 
Binomial Distribution of tke Dietary Resistance Effect in Samples of 5 Mice 
Natural diet binominal, (0.833 Jr 0.167)  ~. 
Synthetic diet binominal, (0.I0 Jr 0.90)  5. 
Sample 
combination 
A 
B 
C 
D 
E 
F 
Compodtlon of sample 
(Spleen counts) 
0-100  >100 
5  0 
4  1 
3  2 
2  3 
1  4 
0  5 
Frequency of occurrence 
o~ the combination 
Natural diet  Synthetic diet 
0.401  0.000,01 
0.402  0.000,45 
O. 161  0.0081 
0.032  0.0729 
0.000,32  0.328 
0.000,013  0.5905 
Natural diet 
effect 
+ 
+ 
? 
in a sample of 5, combinations of positive and negative effects such as in sample 
combinations A,  B, and C  can be confidently ascribed to the manifestation 
of the  natural  diet  effect.  Combination  E  and  F  can  be  similarly ascribed 
to  the  synthetic diet.  Combination D,  when  encountered, cannot be  inter- 
preted unambiguously, since the probabilities are almost equal for both diets. 
However, this ambiguous class can be expected to appear only rarely, about 
5 per cent of the time these two diets are being compared. When it does ap- 
pear the issue can be resolved by repeating the determination. 
From the above it is evident that samples of 5 mice are adequate for testing 
for the absence or presence of the natural  diet effect when contrasted with 
the synthetic diet. It should be pointed out that this will give merely a  posi- 
tive or negative answer.  The problem of quanfitafion, or dose response, will 
be dealt with in a separate publication. In its present form the five mice assay 
was next used  to further simplify and reduce the  ~echnical demands of the 
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The  Time Required for  the Diet  Effect.--Heretofore  all  mice used  in  these 
investigations  had been  fed  the  experimental  test  diets for at  least  3  weeks, 
from weaning  to infection,  and  then for 30 days post infection  to determine 
ultimate  survivorship effects. The preparatory period of 3  weeks' feeding was 
done  for  two  reasons.  It  permitted  an  estimation  of  the  growth  properties 
of  the  test  diets,  and,  being  supplied  during  a  period  of rapid  growth,  the 
possibility  was  enhanced  that  the  effects  of previous  dietary  history  would 
be  removed and  the  effects  of the  test  diet  would  be  more  clearly evident. 
Previous  experimentation  had  demonstrated  (4)  that  growth  and  resistance 
were  not  related  and  so  the  3  week  prefeeding  was  not  mandatory  on  this 
score.  The  question  was  now raised  whether  it  was  necessary,  however,  for 
the establishment  of the diet effect on natural resistance.  If it could be short- 
ened, further savings in time and material could be made. To this end the fop 
lowing experiment was performed. 
Eighty W-Swiss male weanlings were litter-divided into 16 groups of 5 each. 8 groups were 
fed diet  I00 and 8 groups diet  191 for 3 weeks. The mice were then removed to individual 
cages and arranged by groups of 5, into two sections. Section A was comprised of 7 groups 
prepared in diet 191 plus 1 group on diet 100. At intervals, before the revised double strain 
inoculation test was performed in the usual way, the diets of the mice were changed as fop 
lows:- 
At 6, 5, 3, 2, 1, and 0 days before SR-11 challenge, individual groups prepared on diet 191 
were changed to diet 100. One group was continued on diet 191 as a negative control and one 
group prepared on diet 100 was continued on diet 100 as a positive control. 
Section B was comprised of 7 groups prepared  on diet  100 plus 1 group on diet  191. At 
intervals before inoculation, the diets of the mice were changed as follows: At 6, 5, 3, 2, and 1 
days before, and 1  day after  SR-11 challenge, individual groups  prepared on diet  100 were 
changed to diet 191. One group was continued on diet 100 as a positive control and one group, 
prepared  on diet 191, was continued on diet  191 as a negative control. 
2 days after challenge all mice were scored for the diet effects as defined in Table VI. 
From the results of Section A, presented  in Table VII, it  is apparent  that 
bacteriological  events  in  the  spleen  swiftly respond  to  the  shift  to  diet  100 
from  diet  191.  The  typical  positive  response  is  obtained  when  diet  100  is 
supplied as late as 1 day before the SR-11 challenge is administered. 
From the results of Section B, presented in Table VIII, it is evident that the 
positive diet effect is quickly lost. It disappeared when withdrawal of diet 100 
is as late as 3  days prechallenge, which is but  1 day before infection is begun 
with avirulent RIA. 
It is thus evident that here is a  situation unique in  experimental  nutrition. 
In terms  of the  nutritional  entity supplied  by diet  100,  all  previous  dietary 
history is wiped out, to what can be described as a deficiency state, in a matter 
of 24  hours  before  the  host  encounters  the  infecting  salmonellae,  merely by 
shifting to the  deficient diet.  And likewise,  the positive effects of the natural 
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With this information on the dynamic ebb and flow of the nutritional factor 
enhancing  survivorship  in  salmonellosis  it  was now possible to make further 
economies in the assay method. The procedure adopted as an improved modifi- 
cation of the  double strain  inoculation method,  and which has been success- 
fully used in this laboratory during the past 2 years, is as follows:-- 
TABLE VII 
Length of Feeding Time Necessary for the Natural Diet (100) to Exhibit its Effect in Male Mice 
Prepared for 3 Weeks on Synthetic Diet (191) 
Group  Diet fed for  Changed to diet 100 on  Spleen assay  Natural diet 
(5 mice)  3 wks.  challenge day No.  score*  effect 
191 
191 
191 
191 
191 
191 
191 
100 
-6 
-5 
-3 
-2 
-1 
0 
Not changed 
Not changed 
4:1 
3:2 
4:1 
3:2 
3:2 
0:5 
0:5 
3:2 
+ 
+ 
+ 
+ 
+ 
+ 
* Spleen assay score ffi No. of spleens showing low (0-100) SR-11 counts: number of spleens 
showing high (>100) SR-11 counts. 
TABLE VIII 
lzngth of Feeding Time Necessary for the Natural  Diet (I00)  Effect to Be Lost on Change to 
Synthetic Diet (191) in Male Mice Prepared for 3 Weeks on the Natural Diet 
Group  Diet fed for  Changed to diet 191 on  Spleen assay  Natural diet 
(5 mice)  3 wks.  challenge day No.  score*  effect 
1 
2 
3 
4 
5 
6 
7 
8 
100 
100 
100 
100 
100 
100 
191 
100 
-6 
-5 
-3 
-2 
-1 
+1 
Not changed 
Not changed 
1:4 
0:5 
1:4 
3:2 
5:0 
3:2 
1:4 
4:1 
m 
+ 
+ 
+ 
+ 
* Spleen assay score -  No. of spleens showing low (0-100) SR-11 counts: No.  of spleens 
showing high  (>100) SR-11 counts. 
Male weanling mice from the outbred W-Swiss colony are reared on the basal 
synthetic  diet  (191)  for a  period  of 3  weeks.  The mice are  then fed the  test 
diets upon their removal to individual  cages in the infection room for an ac- 
climatization  period  of 4  days.  Five mice are used for each test.  The double 
strain  inoculation  test,  using  the  genetically marked  strains  is  begun  by an 
initial  intraperitoneal  injection  of  103  viable  cells  of  avirulent,  xylose-non- H.  A.  SCHNEIDER  AND  N,  D.  ZINDER  223 
fermenting RIA strain  of S.  typhimurium.  2  days later a  challenge dose of 
103 viable cells of virulent, xylose-fermenting SR-11  strain of S. typhimuriura, 
is injected. 2 days after challenge the mice axe sacrificed and the salmonellae 
in  their  spleens  scored  and  counted  on  an  eosin-methylene blue  agar  con- 
taining 1 per cent xylose. Spleens containing SR-11  counts lower than 100 are 
scored as positive reactors to the nutritional factor; spleen counts higher than 
100  are  scored as negative reactors.  The interpretation of observed positive 
reactor frequencies, by reference to Table VI, completes the assay. 
SUMMARy 
The double strain inoculation test as used for the assay of nutritional factors 
capable of enhancing survivorship in mouse salmonellosis has been modified 
and  improved.  The  modification has  been  based  on  the  use  of genetically 
marked  strains  of S.  typhimurium,  and  substitutes  for survivorship  a  bac- 
teriological datum,  a  certain  minimum population  size  of the  virulent  sal- 
monellae in the mouse spleen at a  certain time. The analysis permitting this 
substitution and the economies achieved by the modification has been presented. 
In the course of development of the new assay evidence was obtained that 
the nutrient entity or entities responsible for enhanced survivorship, as meas- 
ured by the bacteriological correlate, are not stored in the mouse. A deficiency 
state was achieved 24 hours after supplying the basal synthetic diet. Similarly, 
positive effect of active nutrients was evident as soon as 24 hours after feeding. 
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